When high energy electrons strike a specimen in an electron microscope a number of phenomena occur. Some electrons are reflected with little or no energy loss. Others actually penetrate the specimen to some degree and excite molecules within a volume of the solid. Some molecules divest themselves of their surplus energy by allowing excited electrons to escape from their orbitals. If these electrons are able to escape from the specimen, they are known as secondary electrons. If the excited electrons do not leave the molecule but instead fall back to their ground state, they must transfer their surplus energy to other molecules or emit it as discrete packages of energy. The emission can be heat, infrared to visible light, or x-rays (for further details of these processes see 1, 4, 7, 8) . We will confine ourselves to a consideration of the infrared to visible light production and reflected electron phenomena in this communication.
Researchers working with herbicides frequently have a need to know the spatial location of an herbicide in or upon a plant. A common method for obtaining such information is that of radioautography (9) . Radioautography, while certainly adequate for many studies, often requires weeks of exposure time to produce a sufficiently intense film image and also involves the expense of radioactively labeled compounds.
A number of compounds will fluoresce3 under electron bombardment (3). We have used a scanning electron microscope equipped to detect this fluorescence (cathodoluminescence) and wish to report a new, rapid method for spatially localizing herbicides on leaf surfaces.
MATERIALS AND METHODS
The technical grade of 17 herbicides was used in this study as detailed in Table I .
Saturated solutions of the herbicides were prepared in either absolute ethanol or in distilled water. Aliquots of these saturated solutions were then placed on aluminum specimen stubs, evaporated to dryness, and examined for cathodoluminescence properties.
In other studies the dry herbicide powder was examined 'This study was supported in part by grants from the Rice Re- 'National Science Foundation summer undergraduate trainee. 'Fluorescence as used in this communication will refer to that radiation emitted only during specimen excitation. Cathodoluminescence (CL) is defined as the emission of visible radiation due to electron bombardment and includes fluorescence as used in this communication.
directly for UV excited fluorescence with a Leitz Ortholux microscope. A xenon lamp (BG-12 excitation filter and K 530 barrier filter) was used for illumination.
Following the above studies, undiluted commercial formulations of herbicides were applied to leaf surfaces with an atomizer. After allowing the liquid phases to evaporate, small pieces of treated leaves were glued to specimen stubs and quickly examined without further treatment (2, 6) .
Specimens affect fluorescence intensity. Table II lists some common substituent groups and their effects on fluorescence intensity. These effects are generally true for simple compounds such as benzene but may not hold for more complex molecules (10) .
Substituents that were found to affect fluorescence intensities may be readily seen by examining the results shown in Table I . Propanil' and Diuron serve to compare the effects of a substituted amino group (-N(CH2)2) and an alkyl group (-CH2CH2). Diuron, which has the substituted amino group, fluoresced quite strongly as compared to Propanil. Comparing Dicamba and Tricamba reveals the quenching effect of an additional -Cl group. On the other hand 2,4-D and 2,4,5-T have similar fluorescence intensities, the additional -Cl group on the latter did not cause a noticeable change in quenching.
We usually found that the more highly substituted an amino group, the greater the fluorescence intensity. Atrazine and hydroxysimazine support these findings.
We find that we can exploit the fluorescent properties of herbicides to excellent advantage for spatially localizing them on the surfaces of leaves. Figure 3 shows the CL image of a rather heavy application of MCPA on a sugar beet leaf. The corresponding reflected electron image (Fig. 6) shows the leaf surface detail. Figure 4 shows the CL image of a very light application of Dicamba on a sugar beet leaf. Figure 7 is the corresponding reflected electron image. Figure 5 shows the CL image of a very heavy application of commercial blank MCPA (commercial formulation containing no MCPA). The photomultiplier gain was advanced to the point of producing substantial electric noise in this case (Fig. 5 ), yet no CL image was apparent. Figure 8 is the corresponding reflected electron image, and it may be noted the solvent application was indeed heavy.
We are aware of the possibility of insecticides fluorescing in a similar manner and suggest that examination of leaves by the method described might well be used to estimate the per- 
